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.IXAK J)ETECnON, IN KEATING, VTNTGLATINC 

.AjvD..\iR cojvprr,(oSics''G^ systems uswg an 

EN VERQN>C E>TAjLLY SAFE MATERIAL 

Thi5 applicadoQ is a condnuaDon-in-part of my appli- 
cation cndtlol Dctecnoa in Headng, Ventilating 
and .Ajr Coadidomng Systems Using an Eavironmca- 
taily Safe Maccnal". U.s'Ser. No. 08/081.119. filed Jun. 
25, 1993, and now U.S. PaL No. 5,357,732 issued Oct. 10 
Z5, 1994. 

BACKGROUND OF THE IN-VENTTON 
1. Field of the Invcndon 

The present tnvendon relates co leak detccdoa in 15 
refrigcraaon system^ and more parncuiarly to erfecnve 
leak dctecnoQ by die addition of a dye selected frotn the 
general cheimcal class of aaphchalunide Quorescent 
dyes in a refrigeradon system where said refngeradon 
system employs, m combinanon with a suitable refngcr- 20 
ant system iubncant. a materia^ suitable co funcnon as a 
heat cransicr agent or rctrigcrant \n a hcnnedc system. 

1 Background Asx 

Refrigerants that are devoid of the chlorine atom and 
therefore considered environmentally friendly to the 25 
earth's ozoac layer have been developed and continue 
to be developed co replace CFC and HCFC materials 
that are the circulating heat transfer media In many 
hermedc systems. Many chemical companies have de- 
veloped products chat alone or in combination are suit- 30 
able to nmcdon as hcac transfer agents or refrigerants in 
a hermedc system such as, but not limited to, hydro- 
chlorofluorocarbons fHCFQ, hydrotluorocarbons 
(HFC) and hydrogen, halcgcnatcd or ether dcrivadves 
of methane, hydrogen, haJogcnated, ether or cyclic 35 
derivatives of cither ethane, propane, butane, pentane, 
mixtures of HCFC, HFC, hydrocarbons, carbon diox- 
ide and ammonia. These forgoing HCFC, HFC and 
hydrocarbon remgerants are considered less damaging 
to the environment and have ozone depletion potentials 40 
which range from zero to a fraction of one, while the 
ozone depletion potential of a CFC refrigerant, such as 
CFC-12, is one. 

The use of these new alternative refrigerants has 
required the use of new kinds of refrigeration system 45 
lubricants such as synthetic polyaikyiene glycols 
(PaG) and polyolesters (POE) and has rendered prior 
leak detection chetnicais emplo>ang materials such as 
Lhose described in U.S. Pac Nos. 4,758J66 and 
5.149.453. issued on Jul. 19. 1988 and Sep. 26, 1992, 50 
respectively, as largely LnefTective. These patents teach 
the use of perylene yellow tluorescent dyes formulated 
with mineral oils. Mineral oil is a hydrocarbocL Hydro- 
carbons such as synthetic hydrocarbons (SHC), alkyl- 
benzene (,AB), and polyalphaolenns (PAO) may only be 55 
partially soluble in polyaikyiene glycol and in polyo- 
lester iubncants such as those used in the new HFC 
refrigerant-containing systems. The materials found in 
the above- referenced patents have been found unsuit- 
able in acTual systems tests and laboratory analytical 60 
tests tor long term use m hermedc systems such as re- 
frigeration, heating, ventilating and air conditioning 
systems employing the alternative HFC remgerants. 
The reason for the onsuitability of these perylene dyes 
in HFC systems is primarily due to thermal chemical 65 
iniabiliry. 

Some aew HFC systems reach higher operating tem- 
peratures and i^ressures than Lhe old CFC systems be- 
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cause of difFcrent -nierniodyxiamic properties. Such 
higher cemperanires xrid pressures, can adversely affect 
the thermal stability of the pcrylcnc dyes m the ncvf 
HFC-containing systems. For these reasons, a new fluo- 
rescent dye composition for use m HFC systems that 
utilize refhgeraxion syricm lubncams such as minerals 
hydrocarbons, synthetic hydrocarboos, polyalkylene 
glycols and polyolcstcrs is required- 

SUMMARY OF THE INVENTION 

Accordingly, it is the object of the prcscni invcndon 
to provide an improved leak detection cotnposidon that 
incorporates a dye selected from the general chexmcal 
class of naphthaiiniide dyes into a retrigcraaon system 
lubncant where the refrigeraaon iubncant is suitable 
for use, alone or in combmaoon 'J^iih the dye, m rcfrig* 
■iradon systems and includes, bui is aot Linn ted. co, hy- 
'drocarbons such as aacurai or rcnned oameral oiivsyn- 
thedc hydrocarbotis (SHC), aikyfbcnzcnes {A3), po- 
ly alp haole fins (PAO) and synthcric polyalkylene gly- 
cols that are terminated as mono- or diethen or as es- 
ters, and the general class of polyolcster lubricants that 
are either di-, tri-, tetra- or polynmctional pentacrythri- 
tol esters. The formuladon or mirmre of a dye selected 
from the general chcmical'^phthaiimide dye class with 
a suitable refrigcradon lubricant and suitable lubricant, 
inhibitors will then be. Lncorporaied into a refrigeradon 
system with the objective of locarrng leaks that develop 
within the system from manufactrtre or use. 

It has been found that the ocw leak detection dyes 
from the general chcmicaJ naphthaiimidc dye class de- 
scribed herein have excellent thermal and oxidation 
stability up to 40G" F. and may be left inside the her- 
metic system for the location of leaks oq future occa- 
sions The general class of oaphthaiimide dyes disclosed 
is particularly intended for use akme or in combination 
with any material suitable to function as a heat cransfer 
agent or refrigerant in a bcrmctic systeax In practice, 
the combination of refrigerant, lubricant and dye will be 
circulated throughout the entire hermetic refrigeration 
system and the system will then be inspected for leaks 
with a light excitation source ha^iag emission wave- 
lengths in the range from 300 to nanometers. 

The preferred compositiou disclosed herein is invisi- 
ble or of a lessor intensity in ordinary light. When a 
lamp having a Light emission output In the range from 
300 to 480 nanometers is directed at the lubricant and 
naphthalimide dye mixrure, a scriing fluorescence, for 
example with the color yeOow zo yellow gresn. is im- 
mediately noticeable at the ieak jite. 

DET.AILED DESCRIPTION OF THE 
PREFERilED EMBODEMENTS 

The present inventioa is du'icied zo the detectioa of 
leaks in refrigeration systems emploving the new alter- 
aarive HFC enviroomeataily friendly refrigerants 
•where said refrigeracioa system is suiuble for cooling, 
freezing, heating, ventilating xnc air coaditiooiag and 
where said refrigeradon system employs alone or in 
combinatioQ, any material, suicabie :o function as a heat 
transfer agent or refrigerant in a hermedc system such 
as. but not limited to, chloroaucrocarboas (CFC), by- 
drochJorofluorocarboas (HCFCi, hydro fluorocarbons 
(irFC) and any hydrogen. ha]og;na:ed or ether deriva- 
tives of methane, hydrogeti. halcg^ated. e:her or cyc- 
lic derivative:! of either eihane. propane, butane, pen- 
ince, ruL^tures rf HCFC. HTC. hydrocarboos. carbon 
dioxide and a.iimorua. Exirzplcs of :he re fnge rants 
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•jicludc bu: arc not limited to CFC-l I. CFC-12, HCFC- 
22, HCFC-123, HCFC-i:^. HCFC-U2B. HTC-3i 
HFC. 134, HFC-134A, HFC- 1 52. HFC-152A, HFC- 
143 A, HFC- 125. HFC-243C.V HFC.245FA AND 
HFC-223CA. 5 

The relrigeradon systems can osc alone or in cotnbi- 
nation, refrigeradon system lubricants including; bat 
aot Limited to. hydrocarbons such as natural or refined 
mmeral oils, synthenc hydrocarbons (SHC). aikylbcn- 
zenes ( ABV polyaiphaolefins (PaO) and synthetic poly- 10 
likylene glycols that ire terminated as mono- or dieth- 
ers or as esters, and the gcncrai class of polyolester 
lubricants that are either di-. :n-. cetra- or polyfunc- 
nooai pentaerythntol esters. 

The mixture ot rerrigerajQCs and refrigeradon system 15 
iubncants can be composed or the aiorcmenaoncd ma- 
tenais havmg ac least 0.001 grams ot general oapothaii- 
rrude dye structures chat incorporate any nitrogen alkyl 
denvaaves and any funcdonaiized nng chemistry, both 
carbocyclic and heterocyclic, with either aicrogen, sul- 20 
fur. carbon or oxygen dissolved per 100 grams of refrig- 
eradon worldng rluid- 

It has been found desirable m most cases for the opd- 
mum tluorescenc aaphthaiimide, obtained from aatural 
or synthedc sources, to be solubilized by an appropriate 15 
solvent or solvent mixture to form a concentrate that is 
compadble with mineral oils, synthedc polyaikylene 
glycol and p)olyolesicr refrigerant lubricants. There- 
fore, the dye concentrate is formulated in a predeter- 
mined manner that has optimum lubricant and dye com- 30 
pa ability at elevated temperatures and which does not 
alter the refrigerant lubricant viscosity, lubricadon and 
system materials compadbiliry as determined by the 
sealed cube method- 

In a pracdcal embodiment of the present invcndon a 35 
mixture of 1.5 grams of any general aaphthaiimide dye 
structure was individually mixed with 1 ounce of either 
mineral oil, f)olyalkylene glycol, and polyolester refrig- 
eradon lubricants. Approximately i ounce of each of 
these dye mixtures was added to three different atitomo- 40 
dve air condidooing systems. 

The dye and mineral oil mixture was added Co a CFC- 
containing system. The CFC system was then charged 
with CFC-12 and approximately 7 fluid ounces of min- 
eral oU lubricant were added co the system. The system 45 
was then operated for 5 minutes io allow the dye mix- 
cure to mLx with the mineral oil. The- system was then 
scanned with a Lamp having a light emission ootput in 
the range from 300 co 480 aano meters io check for 
leaks. A greeoish-blue color was seen at a pinpomc leak 50 
on a biack EPDM hose. This grctrnish-blue color indi- 
cated a leak in the CFC system. 

The dye and polyaikylene glycol mixrure was added 
to the re frige radoQ system of a retro fitted automodve 
air coDdidoning system and ±e process of rindiag leaks 55 
was followed according to the above procedure. This 
time a green- yellow fluorescence was seen at the leak 
site after illuminacion with light. 

The dye and ester iiixrure was added to the retrigera- 
■lon system of on aatcaiodve air condinoaing system 60 
and the process of rinding leaks was followed according 
"o the above procedure. This ime a green- yellow fluo- 
rescence was seen ac the leak site after illuminadon with 
light. 

NiVhile but chree embodiments of the present invenrion 65 
have been disciose^i. it will be obvious to those skiiled in 
the an that mmerous codifications of the rbrmdacion 
:ar be made xiih dyes selected from the gerierii cioss of 



